Introduction
Marseille is a large Mediterranean city that has been reinforced to gain an international reputation with the principal role as a Euro-Mediterranean trade centre. Such rapid urbanisation and industrialisation may have contributed to the pollution of the Mediterranean marine ecosystem. To mitigate any potential degradation in aquatic quality, a program known as EU Water Framework Directive was adopted in Europe to protect the discharge of pollutants and achieve a good ecological status of the surface and groundwater in 2015. The pollution load of the two main rivers of Marseille (i.e. Huveaune and Jarret) and the contributions of the wastewater system to the rivers provide a reflection of the activities upstream (in the watershed). Measuring 50 km in length and covering a watershed area of 523 km 2 , the Huveaune River continuously drains the highly industrialised and urbanised valleys of Marseille and through normal flow or run-off episode transport. The Jarret River has a 102-km 2 catchment area along its 21 km of watershed and passes through forests, semi-natural habitats and agricultural land area (Oursel et al., 2014) . The sewage system of the city of Marseille collects sewage and moves it toward the wastewater treatment plant (WWTP), which receives on average 250,000 m 3 of water per day and has a maximum capacity of 360,000 m 3 d −1 . The WWTP has two outlet channels (O1 and O2), of which O1 is only active when the WWTP is bypassed (Fig. 1 ) because of an overflow caused by heavy rain. Because the runoff of both outlets carries sediments and related contaminants to the receiving marine waters in the centre of the newly established 'Calanque National Park ' (established in 2012) , the key question is whether such apportionment will have an adverse effect on the quality of the receiving water bodies and living organisms. The suspended particulate matter (SPM) in the rivers is one of the parameters affecting the water quality and contains a significant fraction of organic contaminants from the surrounding watershed (Lorrain et al., 2003; Vystavna et al., 2012) . Organic contaminants in this study include, n-alkanes, polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs). Such organic compounds may have mutagenic and carcinogenic properties (Tian et al., 2013) . Therefore, understanding the SPM transport behaviour is of special interest. Settling velocity is one of the essential parameters to investigate SPM transport behaviour (Perianez, 2005; Papenmeier et al., 2014) , but measuring it directly in the river or other watershed forms is a difficult task because of changes in physicochemical properties, e.g., flocculation (Winterwerp, 2002; Marine Pollution Bulletin 117 (2017) [184] [185] [186] [187] [188] [189] [190] [191] [192] [193] [194] [195] [196] Fugate and Chant, 2006) . By using a simple device and experimental procedure, the present study aimed to investigate the settling velocity of the sediment particles and the distribution of the organic pollutants in different classes of the SPM matrix with regard to the dynamics of pollutants in a coastal environment.
Methodology

Origin of the settled particles
Sediment samples were obtained from the two outlets (O1 and O2) of the wastewater effluent canals. Both outlets relied on two main rivers that cross Marseille city, i.e. Huveaune and Jarret. O1 represents a location where the sample was collected during a heavy rain period. The settled SPM was constituted by the mixed waters of both rivers and the by-passed discharge from the WWTP (without treatment) because of the flood events.
In dry period (~300 days/year), the waters of both rivers go to O2 mixed with the treated WWTP effluent and are then channelled into the sea at the Calanque of Cortiou with a discharge of approximately 100 to 80,000 m 3 y −1 .
Sampling and particle size distribution
Flood deposits were collected using a spatula and were placed in a bag, which was then placed in a cooler. Once in the laboratory, the samples were frozen at − 18°C and were subsequently freeze-dried. The particle size distribution was determined using 50 g of these sedimentary particles, which were sieved for 20 min using a shaker table (Retsch AS200 control 'g') at an amplitude of 2 mm/'g'. The screens used were 2 mm, 1 mm, 500 μm, 200 μm, 63 μm and a receptacle. Before each use, the screens were cleaned and weighed, and finally, the mass percentage was calculated.
Settling rate experiment
A simple experimental device proposed by Oursel et al. (2014) was setup using two identical vertical Plexiglas tubes (1 m length and 10 cm diameter), open on the top and equipped with a valve at the bottom to collect water samples. The tube was filled with 7 L of coastal seawater sampled 2 km offshore and at a 4-m depth and then acclimatised for 1 day to obtain a homogeneous temperature of the water column (close to 20°C). During this time, 7 g of dried particles (flood deposit sediments) were weighed, placed in a 50-mL syringe, and wetted with few mL of milliQ water (Millipore 18.2 MΩ). Considering the seawater volume, a final SPM average concentration of 1 g L −1 was reached, which corresponded to the same range of SPM recorded in the rivers and outlet during flood events (data not shown); this led to a sufficient particle mass for subsequent chemical analysis. After 1 day of wetting, the particles were injected on the top of the system. To cover a large domain of settling particles and sizes, the Plexiglas tube's water content was divided into 14 sub-samples (fractions; f1-f14) of 500 mL each withdrawn from the bottom of the tube after 30 s; 2, 5, 10, 20, 40 and 70 min; 2, 3, 4, 8 and 24 h; and 5 days and the remaining liquid fraction in the bottom space of the Plexiglas column. Plexiglas is a material known to induce electrostatic attraction, which might prevent very light particles to settle; therefore, the last (15th) fraction (f15), which had remained inside the tube, may be hypothesised as the fraction that can be directly exported to the open sea. For further analysis, we grouped the fractions (f) into six classes: f1 + f2 = A; f3 = B; f4 = C; f5-f7 = D; f8-f14 = E; f15 = F. For illustration, sample number O1A represents a sample from O1 and fractionated from sub-sample f1 and f2, which were collected from the bottom of the tube after 30 s and 2 min, then grouped as class fraction A.
The average velocity of the settling particles (w s ; in m s −1 ) of each fraction was governed by Stokes' law (Mantovanelli and Ridd, 2006) , and the particle diameter (Ø; in m) for a given settling velocity was calculated according to Oursel et al. (2014) for diameters varying from N276 to b 0.78 μm. Prior to the analysis, a small portion (10%) of the collected samples was filtered through 25-mm glass filters (Whatman GFF, 0.7 μm) for particulate organic carbon (POC) analysis. The remaining water was later filtered through 47-mm glass filters (Whatman GFF, 0.7 μm) for organic contaminant (hydrocarbons and PCBs) identification and quantification. All GFF filters were pre-calcinated for 4 h at 450°C.
Particulate organic carbon
Total carbon contents were quantified from the sediments using a TOC-V CSH analyser (Shimadzu) coupled with an SSM-5000A module. The total and organic carbon contents were determined using a hightemperature (900°C) catalytic oxidation method with CO 2 IR detection (Ammann et al., 2000 , Callahan et al., 2004 , calibrated using glucose (Analytical reagent grade, Fisher Scientific), with an accuracy of 0.1 mg C. For POC analysis, GFF filters were dried to a constant weight at 60°C and then exposed to HCl fumes for 4 h to remove all the inorganic carbon (Lorrain et al., 2003) .
The particulate inorganic carbon contents were quantified from the sediments using the same analytical equipment as above after the addition of H 3 PO 4 (analytical reagent grade 85%, Fisher Scientific) at 200°C followed by CO 2 IR detection, calibrated using NaHCO 3 /Na 2 CO 3 (Shimadzu), with an accuracy of 0.1 mg C. Then, the POC content was calculated as the difference between the total and inorganic carbon contents.
Organic contaminant extraction and separation
Hydrocarbons and PCBs were extracted from the glass filter samples (classes) into a clean cellulose extraction thimble using a Soxtherm apparatus. The extraction procedure was performed according to . The aliphatic hydrocarbons and PCBs (F 1 ) and aromatic (F 2 ) fractions were separated using a 1.0 × 30-cm borosilicate glass column with 8 g of silica gel and 8 g of alumina (at the bottom and top of the column, respectively). Before use, both adsorbents were deactivated with 5% (w:w) distilled H 2 O. F 1 was eluted with 30 mL of HEPT and 20 mL of HEPT/DCM (90:10, v:v). A 40-mL HEPT/DCM (80:20, v:v) elution yielded F 2 . Both fractions were evaporated before analysis. The resulting sum (F 1 + F 2 ) provided the total hydrocarbon content. Sulphur interference was removed by shaking the extract with Cu powder that had been washed with dilute HCl (1:4, v:v).
Gas chromatography-mass spectrometry analysis
The fractionated extracts were analysed for resolved alkanes, PCBs (F 1 ) and PAHs (F 2 ) by capillary gas chromatography coupled to mass spectrometry (GC-MS; Autosystem XL GC and TurboMass from Perkin Elmer, USA), with data reported as μg·kg −1 dry weight (dw). The chromatographic conditions were as follows: splitless injection (30 s), Elite 5MS column (30 m × 0.25 mm i.d. × 0.25 μm film thickness, Perkin Elmer). The PSS injector was programmed from 50°C (0.1 min isothermal) to 250°C (200°C·min −1 ) to minimise the solvent peak. For F 1 and F 2 , the GC oven was temperature-programmed from 40°C (2 min isothermal) to 120°C (45°C·min −1 ) to 310°C (5°C·min −1 ) and held isothermally for 20 min. For the PCBs, the oven was programmed from 100°C (3 min isothermal) to 290°C (6°C·min −1 ) (10 min isothermal). The mass spectrometer was operated in positive electron impact ionisation mode (70 eV) and simultaneously scanned in both full scan and selected ion monitoring mode. Individual n-alkanes were quantified using [ 2 H 40 ]n-nonadecane as surrogate and 1-eicosene as internal standard. For PAH analysis, the 16 US EPA priority PAHs were identified from their retention time and m/z ratios and then were quantified using surrogates 
Quality control and quality assurance
All analytical data were subject to quality control procedures. All content data are provided on a dw basis. Procedural blanks were run between each batch of four samples, and no contamination was found. The reproducibility estimated for triplicate samples was N 92%. A standard reference material (Harbour Marine Sediment HS-5) (LGC Promochem) was analysed to evaluate the extraction accuracy (95 ± 7%). The mass of each individual PAH in the blanks was insignificant relative to that in the samples. The detection limits for n-alkanes and PAHs were determined as the content generating a peak with a signal/noise ratio of 3. The detection limits for n-alkanes and PAHs in the real samples were 0.2 and 2 μg·kg −1 dw, respectively, and it was 0.5 μg·kg −1 dw for the PCBs.
Principal component analysis
Data analysis included calculating individual and total n-alkane, PAH and PCB concentrations and the use of a molecular diagnostic ratio and principal component analysis (PCA). The PCA was limited to a cluster dendogram of the pollutants and eigenvector plots for the SPM deposit class analysis reflecting the affinity in their behaviour in relation to the sediment settling experiment. These factors were row-combined into a single matrix X to determine the main directions of the observation space along which the data have the highest variability, and the eigenvalue decompositions of the variance matrix were calculated with the centred matrix to denote their matrix transposition. All n-alkanes (n-C 12 to n-C 38 ) in the sediments, including pristane (Pr) and phytane (Phy), PAHs and PCBs, were subjected to PCA. In this work, the PCA with two components was then performed on this data subset. R 2.12.2 and RStudio 0.93.92 software from GNU R, Boston, USA, were used for the PCA.
Results and discussion
Settling velocities and organic matter contents
The settling velocities of the flood deposits from O1 and O2 were calculated according to Mantovanelli and Ridd (2006) . That is, the water column length (H wc ; in m), and the corresponding sedimentation time (t s ; in s) were used to calculate the settling velocity (w s ; in m s −1 ), as shown in Eq. (1):
Moreover, as w s is already known, the diameter of the particle can be predicted through the following equations, which are governed by Stoke's law (Eq. (2)):
where g is the gravitational acceleration (in m s −2 ), ρ s and ρ w are the solid and water densities, respectively, μ the fluid's dynamic viscosity (in kg m −1 s −1 ) and r the equivalent particle radius (in m). As the exact solid density of the particles was unknown, the solid density of quartz was used as a reference (ρ s = 2650 kg m −3 ). The fluid's dynamic viscosity was calculated for seawater after temperature correction (e.g., 1.07 × 10 −3 kg m −1 s −1 at 20°C). Table 1 shows that the amount of bulk particles were higher in classes A, B, C and F than in D and E classes. The median particle size (D50) for both the flooding deposits was 10.7 μm, with an average of approximately 41 μm. The particle size settling velocity estimates ranged from approximately 0.05 μm s −1 to 64 mm s −1 , with a median settling velocity of 97 μm s −1 . Geyer et al. (2004) had reported that the settling velocity value for aggregates of fine material was approximately 1 mm s −1 . Therefore, class D, E and F are potentially transported without a risk of particle aggregation and flocculation. In nearly all samples, the POC contents were within the same greater magnitude: on average, 147 ± 60 and 85 ± 23 mg/g for O1 and O2, respectively. These results suggest a good correlation between the organic matter content and particle sizes of 2-45 μm. The four fastest sinking classes (A-C; b10 min of settling) represented approximately 31% and 47% of POC for O1 and O2, respectively, and class D (20 to 70 min) represented approximately 25% and 33% of POC, respectively. The slower sinking classes, E (2 to 60 h) represented approximately 36% and only 3% of the POC in O1 and O2, respectively. The remaining classes were approximately 8% and 17% of the POC, the particles of which were potentially distributed for a long distance toward the sea for O1 and O2, respectively. Previously, who used surface sediments from Rhone River, demonstrated that larger particles (N 125 μm; 80% of the bulk particles estimated) settled faster than finer particles (b 63 μm), which remained in the suspension phase and further settled at a longer distance from their sources.
Contaminant behaviour
The average POC content was determined for the six classes of settled sediment (A-F) ( Table 1) . We observed pollutant behaviour between two channel outlets (O1 and O2). In many cases, O1 contained more concentrated contaminants than O2. Because Marseille has a non-separated sewage network that collects both wastewater and run-off, O1 is only active when the WWTP is by-passed because of the limited capacity of the WWTP in heavy rain; therefore, the flood deposit is likely to contain non-treated sewage particles. For instance, ∑PAHs and ∑PCBs were higher in all classes of O1. Conversely, the n-alkanes in O1 were observed at a lesser extent in classes A, C and E than in classes B, D and F. Assuming that the particles will be settled in the marine environment after 5 days of , 32 (n-C 20 ), 33 (n-C 21 ), 34 (n-C 22 ), 35 (n-C 23 ), 36 (n-C 24 ), 37 (n-C 25 ), 38 (n-C 26 ), 39 (n-C 27 ), 40 (n-C 28 ), 41 (n-C 29 ), 42 (n-C 30. ), 43 (n-C 31 ), 44 (n-C 32 ), 45 (n-C 33 ), 46 (n-C 34 ), 47 (n-C 35 ), 48 (n-C 36 ), 49 (n-C 37 ), 50 (n-C 38 ). transport from the river shed and WWTP, 5.5%-12%, 2%-17% and 15% of n-alkane, PAH and PCB loadings, respectively, will enter the marine ecosystem. In this study, the O1 sample was obtained during a flood period (Meteofrance) that showed 609 mm y −1 of rain on average. Oursel et al. (2014) have evaluated the annual global SPM discharge to be approximately 3950 t, with 850 t coming from rivers, highlighting the main contribution of the TWW in such conditions. The O2 sample corresponds to the sampling period in which there was only 30 mm of cumulative rainfall (Meteofrance), which represents approximately 2% and 12% of the month's total water and SPM discharge, respectively. Fig. 2 shows the dendogram analysis for all pollutants using PCA. We found that the pollutants can be grouped into four main clusters, i.e., nalkanes and PAHs combined with PCBs. The distribution of n-alkanes is markedly divided into two sub-groups that represent both low-and high-molecular-weight n-alkanes; however, as seen in Fig. 3 , the alkanes were not affected by the variation of the classes of deposit sediments. In contrast, high-molecular-weight PAHs (N 4 benzene rings) seem to be affected by the classes B (~70 μm) and E (0.1-10 μm) for O1 and D (15-30 μm) and F (0.05 μm) for O2. Low-molecular-weight PAHs (b4 rings) showed similar behaviour with the PCBs, which are Fig. 3 . Capillary column gas chromatograms of the saturated hydrocarbons fractions of bulk particle from emissary 1 (O1) and examples of class fraction of sediment experimentation (O1A, O1B and O1E). distributed with the same proportion within classes A, C, D and F for O1 and classes A, C, D and E for O2.
n-Alkanes
The understanding of the distribution of n-alkanes with regard to settling velocities needs to be reinforced through the use of GC patterns of aliphatic hydrocarbons and some diagnostic indices previously applied in the environmental chemistry field. Fig. 2 shows that the n-alkane profile of both bulk O1 and O2 seem to be apportioned as reported by Huveaune and Jarret. ∑ n-alkanes OC varied greatly among the five class fractions ( Fig. 3 and Table 2 ). The larger size fraction (A and B; N 63 μm) had higher n-alkane concentrations in both O1 and O2 sediments, ranging from 48 to 246.5 (ng/g OC dw). In terms of the correlation between n-alkane concentration and TOC, this study revealed a correlation with r 2 = 0.7. Contrary to our finding, Jeng and Chen (1995) found no grain size effect for the n-alkanes and n-fatty acids, but the ratios of branched-chain to normal fatty acids increased progressively with decreasing particle size and correlated highly with bound organic carbon, suggesting an increasing input of intact bacterial phospholipids (Mazzella et al., 2007) .
For O1, we suggest that the largest class fraction (A) contains more n-alkanes with N 20 carbons and such high-molecular-weight compounds (HMW, N20 carbon atoms) decreased gradually with the decrease in the size of particles (Class B N C N D N E). A slight increase in HMW in class F was obviously due to mixed remaining particles attached in the inner wall of the tube. As HMW n-alkanes at n-C 29 or n-C 31 are commonly used as indicators for terrestrial input because of their presence in prominent higher plant input (Kanzari et al., 2014) , this study revealed the fate of terrestrial input seaward in relation to particle size ( Fig. 3-4 , Table 3 ). Our study is in agreement with another study conducted by Wang et al. (2010) and de Souza et al. (2011), which confirmed a good correlation between the concentration of C 25 -C 31 n-alkanes and TOC in the sediments of river basins (r2 N 0.8).
Markedly observed in O2, the influence of the WWTP can be observed with bimodal unresolved complex mixture (UCM), indicating a possible weathering process in the WWTP or simply tracer markers of the bulk sediment of the Jaret River.
The ratios n-C 17 /Pr and n-C 18 /Ph were measured for all flooding classes. The comparison between O1 and O2 showed that these values were slightly different. The whole value was below 1, which indicates apportionment from non-treated organic compounds, e.g., petroleum hydrocarbons. The first class fraction (N100 μm of particle size), which represents N40% of the organic mass contribution, was responsible for this value. A predominance of odd numbered n-alkanes (n-C 27 , n-C 29 and n-C 31 ) were found in all other classes, which is an evidence of important and recent terrigenous inputs entering the Cortiou channel through the Houvenau and Jarret rivers. The terrigenous/aquatic ratio (TAR) (Bourbonniere and Meyers, 1996; Mille et al., 2007) , derived from a ratio between the concentrations of long-chain n-alkanes (nC 27 + nC 29 + nC 31 ) to short-chain n-alkanes (nC 15 + nC 17 + nC 19 ), revealed the importance of terrigenous inputs vs. aquatic inputs. This ratio is very high for all class fractions, except for the class O2E.
Interestingly, if we focus on class fraction E (0.1-10 μm), for both O1 and O2 (Table 5) , the distribution of n-alkanes shows a predominance of the even carbon number preference of the C 14 -C 20 n-alkanes, and it has been cautiously suggested that the molecular signatures of these n-alkanes are known to originate from marine bacteria (Grimalt and Albaiges, 1987, Syakti et al., 2012) .
The latter raised a question of whether the ratio of the particle size affects the distribution of n-alkanes. We further tested a ratio newly proposed by Syakti et al. (2012) , Terrestrial Marine Discriminant (TMD) index. Through this index, we found the SPM class fraction E (O1E and O2E) may be responsible for the non-terrestrial molecular signatures found in the marine sediment environment.
PAHs
Thirteen compounds from 16 PAHs listed by the EPA have been detected and quantified from the O1 and O2 flooding deposit experiment. Comparing the two experiments, the results showed the distribution of individual PAHs was within a similar distribution of greater amplitude where the ∑PAH concentrations for O1 and O2 in the bulk sediment were 4075 and 3779 μg·kg −1 dw, respectively. Because of the variability in complex sediments, when all the class fractions were added (A-F), we noted the loss of some compounds, ca. 10% and 40%, respectively, for O1 and O2. Our results might be due to the fate of various PAHs, which vary widely even though they generally have a strong physicochemical family resemblance. For example, we found only Ac, B[a]Ant and dB[ah]Ant in the O1 and O2 total bulk, and they were completely absent in most of the class fractions. It is known that with a Henry's Law constant of 1.13 × 10 −5 atm-cu m/mol at 25°C, the volatilisation of acenaphthylene from the environment is suggested to be important. Another example is the Ant with three times the magnitude in O1 compared to that in O2. Such a compound will strongly adsorb to the sediment and particulate matter, but in O2 from which the water was supposed to be treated resulting in compound hydrolysis and photolysis near the surface of the WWTP treatment units (Zhang et al., 2012) . O1, however, contains 2-5 times more Ac, Fr, Phe, Ant, and Indino compounds than O2. These results might be related to the fact the O1 was by-passed when there was heavy rain, leading to non-treated wastewater and storm water from Marseille city ( Fig. 2 and Table 4 .).
Discussing each individual PAH compound's behaviour may be excessive; therefore, a simple relative ratio of each individual PAH versus the ∑ PAHs was used to better understand the pollutant behaviour within each class fraction. By using such an approach (Fig. 4A and B) , we can focus on four compounds that have consistent behaviour. For instance, pyrene was the compound with the highest concentration for both O1 and O2 in class fraction E (b15 μm). As class E consisted of the sediment particles that can sediment in N2 h up to 5 days, we can expect its concentration will be higher seaward. This high molecular PAH was 46.4% to 46.8% of the total bulk quantified PAHs. The occurrence of pyrene has been reported in the estuary and marine sediments, including hydrothermal vents (Zhou et al., 1998; Geptner et al., 2006; León et al., 2014) . In this class fraction, after pyrene, fluoranthene and fluorene were the compounds that have a relatively high percentage consistently both in the O1 and O2 class fraction E (b 15 μm). Another PAH, i.e., B[k]Fl was found with the average percentage of approximately 23% for both O1 and O2 (Fig. 5) . In fact, F, Fl, Pyr and B(k)F with their high Kow and Koc values (ranging from 4.7-6.8) can be strongly associated with particulate matter and rapidly absorbed onto sediments, where they are stable for decades or more (Patrolecco et al., 2010; Birch et al., 2012) . The Eigenvector profile for this compound was markedly shown in the extremity of the plot (Fig. 2) . The low solubility and high affinity with organic matter of these PAHs tend to be associated with high levels of organic carbon. Surprisingly, in this study, compounds were found in the classes with a high percentage of small particles, i.e., b 63 μm. Additionally, several authors (Neşer et al., 2012; Commendatore et al., 2012) reported that subtidal sediments correspond with sediments that shows particle similarity with class fraction D and/or E, which in the end favoured the accumulation of HMW due to their increased particle sorption affinity and resistance to degradation.
Moreover, to describe PAHs' characteristics in relation with settling velocity classes, we used four diagnostic compound ratios that are widely used to differentiate PAH sources (Yunker et al., 2002; Commendatore et al., 2012) (Table 4 ). For instance, Ant / (Ant + Phe) is widely used to differentiate between sources of combustion and oil. The threshold boundaries proposed by Yunker et al. (2002) are defined as 0.1 and 0.4, and the values below these thresholds would be of petroleum rather than combustion/pyrolytic transition origin. Using these indices, we determined that the entire classes of both O1 and O2 were of biogenic combustion origin. However, the total bulk of O2 showed a ratio of Ant / (Ant + Phe) below 0.1, indicating petroleum origin. Moreover, the ratio Fl / (Fl + Pyr) ranged from 0.5-4.9, which also supported the theory of mixed biogenic and petrogenic combustion/pyrolytic source. Concerning IPry / (IPyr + B[ghi]P), their value ranged from 0.4-0.8. According to Hartmann et al. (2004) , these values indicated wood and coal combustion. Previous works in this area conducted by Sanderson et al. (2004) and Kanzari et al. (2012) showed that the atmospheric transport of PAHs from highly urbanised areas (traffic of trucks and cars) is the most probable pyrogenic sources of the PAHs. The last ratio, LMW/HMW (sum of two-and three-ring PAHs to the sum of more than three-ring PAHs) ratios (b1) often indicate PAHs that are derived mainly from pyrogenic sources (Wang et al., 2006 ; Table 4 ). Similar to what we discussed earlier (n-alkanes), PAHs ratios may give conflicting results for assessing sediments apportionment when the environmental matrixes were analysed without further fractionation. Such phenomena may be caused by low content and mixed-source organic matter. This finding might raise a question of the importance of particle size for such an organic geochemistry application. Fig. 4 . Capillary column gas chromatograms of the saturated hydrocarbons fractions of bulk particle from emissary 2 (O2) and examples of class fraction of sediment experimentation (O2A, O2B and O2E).
PCBs
Our results showed 5 of 7 PCBs ICES have been detected in both SPM deposits from O1 and O2. On average, CB-101, CB-118, CB-138, CB-153, and CB-180 contribute 17%, 29%, 30%, 20% and 5% of the total ICES, respectively. Relatively high concentrations of PCBs were measured in O1, ca. three fold of that in O2. This observation reinforces our finding related to the non-treated water from O1 due to flooding events. The dominating PCB congeners in both O1 and O2 were CB-118 (pentachlorinated) followed by CB-138 (hexa-chlorinated). The congener pattern was not consistent throughout the classes, although it appeared that CB-101 was highly distributed in all O1 classes, while it was absent in the O2 for C-F classes. Previous studies conducted by Jany et al.
(2012) showed slightly different patterns, demonstrating that CB-153, CB-180 and CB-138 were the individual congeners with highest PCB content, respectively. The absence of CB-28 and CB-52 can be explained by the fact that the congeners with 2-3 chlorine atoms and selected biodegradation profile are less prominent in commercial mixtures of PCBs compared to those tetra-, penta-, hexa-and heptachloro biphenyls. Despite being banned in 1980 because of their widespread use in transformers, electrical equipment and other industries in several countries (Barakat et al., 2002) , previous studies have reported their presence in the environment, i.e., in the Marseille coast (Wafo et al., 2006; Syakti et al., 2012) . Fig. 2 clearly shows PCBs' settling distribution, which is similar to PAHs' behaviour, in particular, those containing a low number Fig. 4 (continued) . Table 3 Concentration of n-alkanes in sediment samples of emissary 1 and 2 (O1 and O2) and their respective class fractions (μg·kg −1 dw). O1  O2  O1A  O1B  O1C  O1D  O1E  O1F  O2A  O2B  O2C  O2D  O2E (Bourbonniere and Meyers, 2016 ). e TMD: terrestrial-marine discriminant calculated as [∑odd chains n(C 25 − C 33 ) / ∑odd chain n(C 15 − C 23 )] .
n-Alkane
of benzene rings (b 4). Our finding supported that physicochemical characteristics such as Kow and Koc values may be responsible for settling distribution resemblance.
Sediment quality significance
Because many studies found that n-alkanes are not considerably toxic, the threshold value for n-alkanes has not yet been established. By comparing the results of several studies, we proposed in this study a value of 5000 ng/g for non-contaminated sediments, 5000-50,000 ng/g for urbanised sediments, and a value exceeding 50,000 ng/g for petroleum-contaminated sediments Wagener et al., 2012; Syakti et al., 2012) . Table 1 shows that the ∑ n-alkanes were 353 and 435.3 ng/g for O1 and O2, respectively. These values mean no immediate risk for the environment and living biota; however, it should be noted that our samples were discrete samples after flooding, and thus, we should focus on a sedimentary accumulation phenomenon on the downstream of the Cortiou channel outfall because the two last fractions represent 14-18% of both mass contributions of the transported particles and the ∑n-alkanes-containing contaminants (O1E, O1F, O2E, O2F). As reported by Le Masson (1997), the treatment plant, one of the largest in Europe (1.8 million inhabitant eq.), has a flow of 7500 M 3 y −1 , while 17,000 M 3 y −1 has been flushed out from the river containing SPM, with an annual discharge ca. 3950 t, from which 850 t comes from rivers, highlighting the main contribution of the WWTP (Oursel et al., 2014) .
Concerning PAHs, LMW such as Na, Ace, Ac, F, Phe, Ant are considered to be acutely toxic, but pose no carcinogenic risk to aquatic organisms, whereas HMW (e.g., Fl, Pyr, B[a]Ant, Chry) are more chronically embedded in the sediments, and some of them are potentially carcinogenic (Moore and Ramamoorthy, 1984) . Uthe (1991) stated that the higher acute toxicity of LMW is enhanced by their high water solubility, whereas the lower acute toxicity of HMW reflects their low water solubility.
Ecotoxicological risk evaluation has been conducted using two widely used sediment quality guidelines, i.e., threshold effects level (TEL) and effects range-low (ERL) (Birch et al., 2012) . The total bulk of PAHs results for Na, Ac, Ace, Fr, B(a)A and B(b)Fl were below their respective TEL values (30, 10, 10, 20, 70 and 70 ng/g, respectively); 100% of the concentrations of Fl and Phy were between 110 and 600 and 150-660 ng/g, respectively, while An and Chy were 100% of the upper ERL value (90 and 380 ng/g, respectively) ( Table 6 ). When we evaluated their behaviour in individual compounds, we noted that most of the compounds were below their TEL values. The probable argument supporting this result was the homogeneity of the particle distribution among the different fraction sizes. Several compounds occurred with high concentrations (Fl and B(k)F); their ERL values were reached or were in between their TEL and ERL values, indicating that flooding particles might have a potential toxicity with probable adverse effects. For PCBs, the value of TEL was 22 ng/g, and the ERL value has been replaced by the term probable effect level (PEL) (189 ng·g) (Long and MacDonald, 2006) . When PCBs were analysed as a bulk O1 and O2 deposit, they showed values between TEL and PEL, indicating a source of medium potential risk apportionment for marine sedimentary biota. Fortunately, regarding the 5 and 6 classes of both O1 and O2, the transported particles might contribute little to the marine environment Table 4 Concentration of PAHs in sediment samples of emissary 1 and 2 (O1 and O2) and their respective class fractions (μg·kg −1 dw).
O1
O2 O1A  O1B  O1C  O1D  O1E  O1F  O2A  O2B  O2C  O2D  O2E  O2F   Compound  Na  dl  dl  dl  dl  dl  dl  dl  dl  dl  dl  dl  dl  dl  dl  Ace  dl  dl  dl  dl  dl  dl  dl  dl  dl  dl  dl  dl  dl  dl  Ac  2  1  dl  dl  dl  dl  dl  dl  dl  dl  dl  dl  dl  dl  Fr  9  2  4  1  dl  dl  2  2  3  3  2  2  2  2  Phe  365  72  119  122  44  43  0  24  7  30  18  2  1  5  Ant  216  73  99  35  30  40  2  9  9  15  12  2  2  4  Fl  648  436  59  208  106  115  11  88  178  89  60  12  9  13  Pyr  548  630  66  169  126  111  14  56  36  116  74  19  14 Concerning the extent of PCBs, the comparison with the international SQGs showed a moderate ecotoxicological risk (between TEL and ERL) for total O1 and O2. Nevertheless, the concentrations of some congeners (shown in bold) such as CB-101, CB-118 and CB-138 for O1 and CB-118, CB-138 and CB-158 for O2 were already higher than the threshold value (22 μg·kg −1 dw).
Conclusions
An experimental study was conducted to address the characteristic of urban run-off particles, which transport organic contaminants from two outlet channels of Geolide WWTP in Marseille. By conducting the settling velocity experiment, it was possible to determine the groups of fractions that are responsible for the contaminant enrichment in the marine environment. The median settling velocity was ca. 96.9 μm s − 1 for particle sizes ranging from 0.05 to 276.6 μm with a median size ca. 10.7 μm. The settling velocities exhibit a large variation among the classes that decrease with decreasing particle size and reduce the velocities on average by 40% for each subsequent class comparison. Through this study, we obtained evidence that multicontaminants (i.e. n-alkanes, PAHs and PCBs) were carried from the riverine and urban upstream with different maximum magnitudes. Through the settling velocity experiment, the determination of their characteristics and behaviours raises the new question regarding the use of different grain size in describing contaminants; this is because from certain fraction classes, we noted a contaminant profile with a predominance of the even carbon number preference of the n-C 14 to n-C 20 , which may be sourced from aquatic organisms (river, lake, and marine) or petroleum contamination. Integrated with n-alkanes, UCM, and low content Phe in PAHs, class fraction E was mainly derived from petroleum contamination. It is suggested that such petroleum molecular signatures were observed in SPM with particle size between 0.1 and 10 μm. From the perspective of environmental management, we need to gather more reliable and comprehensive data to provide an appropriate model of the contaminant flux and dispersion from the Cortiou outlet toward the marine environment, which is in the centre of the Calanque National Park that was recently established in 2012. Fig. 5 . Percentage of individuals PAH within each class fraction from emissary 1 and 2 (O1; Fig. 5A and O2; Fig. 5B ).
Table 6
Comparison of sediment quality guidelines of n-alkanes, PAH and PCB concentrations in different classes fraction of deposit settling particles from wastewater treatment emissaries (O1 and O2). 
SQG TEL-ERL (μg·kg
